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Brief Project Overviews

 Tools and strategies for ranch-scale
drought detection

* Developing a drought monitoring
playbook for Arizona rangelands

Climate Science Applications Program - University of Arizona Cooperative Extension



Developing tools and strategies for ranch-
scale drought detection

Project Team

* Mike Crimmins — UA SWES, CLIMAS
« Mitch McClaran — UA SNRE

« Julie Brugger — UA SNRE

« Kelsey Hawkes — UA SNRE

A\

Project Partners

Girra CounTy CATILE GROVWERS

Assocrazror

SERVING OUR RANCHERS SINCE 1934.

Project supported by:

SW
Regional
Climate

tp://westrme.wsu.edu/

 Targeted Risk Management Education
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Precipitation monitoring is key
management tool

“What type of information
would help drought
planning and
management? Rain
gauges. Some ranchers
have them but don’t read
them. Some have only a
home. Would like to see
a couple per pasture”

- USFS Rangeland
Mgmt Specialist

Climate Science Applications Program - University of Arizona Cooperative Extension



A rain gauge in every pasture and allotment

* Precipitation observations
can mitigate land
management conflicts -
need to be trusted by both
parties

* Precipitation data used in
evaluating rangeland
conditions relative to grazing
operations

« UofA Extension has been
working to develop best Er i & e L
practices in constructing, i Ted ool Poaa iR PG

plaCing and reading gauges PVC deptfi gaugeat range monltorlngsr[enear Cllft;nAZ
and managing/utilizing
observations

|’ ! Climate Assessment for the Southwest
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Precipitation Monitoring Working Group

(Gila County Cattlegrowers, USFS, AZ Game/Fish,
BLM)

Workshop 1 (June 2016)

» Learn about rain gauge
monitoring strategies, provide
feedback, and help guide the
scoping of online tools

Receive several rain gauges to
install and monitor over the

Workshop 2 (Nov 2016)
2016 monsoon season.

Review rainfall observations,
test new online tools, and
share lessons learned
Co-develop training materials,

best practices and finalize
online tools to share with other
ranchers and land managers.

Workshop 3 (June 2017)
* Open training workshop using

materials and best practices

developed
Proj ect suppo rted by Encourage others to establish
new rain gauges and use the
http://westrme.wsu.edu/ new software to archive and
B O -t itcragermen sducation analyze the newly collected
SW rainfall data.
Regional
@ Climate
Hub

I ! Climate Assessment for the Southwest
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What are “best practices” In
range precip monitoring?

* More Is better, but need to tie
to range monitoring and
decision making — Where?

* More frequent reading of
gauges will yield important
information on ‘tank’ vs. ‘grass
rains — When?

 Whatis ‘normal’ for a rain
gauge without a long-term
record? — What does it
cMymean?

[|[A

Climate Science Applications Program - University of Arizona



Developing a precipitation monitoring

Where is the ‘sweet spot’ that

balances effort (cost of

monitoring) with reward

(beneficial information to Experimental

support decisions)? watersheds
(e.g Walnut

Santa Rita Gulch)
— |— =Experimental
Ralge .

-

‘Off)olial’ Climate
T\ypical Networks (NOAA-
rangeland - Coop)
precip
monitoring

n
)
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More frequent observations ———
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Simple rain gauges for range
monitoring

Yavapai County (EXTENSTON

and surmer p
in early e frequent re
quarterl

dir ,
e last reading. The gauge
hed af st once pe

Can we design a better rain gauge
_ e for remote, range monitoring?: ‘Cow
- proof’, easy to read and maintain,

I R inexpensive, rugged and long-
lasting...

Climate Assessment for the Southwest

Climate Science Applications Program - University of Arizona Cooperative Extension
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Removable, screened
cap to keep out debris \

Hh. :
. Tall design to capture
. several seasons or

Accumulation ==

<« Clear PVC to allow for

quick, accurate
Constructed out of

Precipitation &=
5 . ; | rugged materials
‘ : f readily available at
a u e m : “ most hardware stores
B All parts can be easily . 2 :

replaced if damaged
(e.g. metal ruler, valve,

Design will readily
withstand hot and

cold temperature
extremes

# Valve allows for
permanent

® installation, can be

emptied directly

# where mounted

ey ® 4 v LABP ,4:

| ‘ ‘ | | Climate Assessment for the Southwest
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Supporting tools and resources

Set location and download data

P ————— | https://uaclimateextension.shinyapps.io/precipChart/

use cursor to pan -- only works locations within

continent

oad data' button (this may take a couple of
0 upper right corner for progress

roceed to Generate Logbook page

Download data

ARIZONA

Selected location Phoenix Mesa

Latitude:

Longitude: -110.906810760498
SYuma

Generate custom chart and logbook Tucson, AZ

TAA 1. Select the month and day that the summary chart will
CALIFORNIA begin on and then select the chart length in days

2. Label the chart with a site description or gauge name:

3. Click on the 'Generate chart' button and the custom -
chart and fillable table will appear on the left ke Very Wet
4. Click on the 'Download' button to save a printable file

Leaflet | Tiles © Esri — Esri, DeLorme, NAVTEQ, TomTom, Intermap, iPC, USGS, FAO,
i ; P start Month:

6 -

Start Day:

Precipitation

cumulative precip (

(days):
120 Very Dry

Logbook Generator TR

0818
Tucson, AZ Day of year

Generate Chart cted locatio
ed loca
Lat: 32.2685554462148
Lon: -110.906810760498

Download printable chart/table (htmil file that can be . . B
Elevation (ft): 2391.7

with browser)
Center of data grid cell

ation (1) 2428
Distance between selected location and center of grid cell (ft): 7407

ns Program - Ur




\azatzal Hotel & Casino - Payson, AZ (with 2012 data)

cumulative precip {in)

Where?: Key allotments or
pastures

When?: Tie observations to
decision timing

What?: Precipitation
climatology provides context

July 20" — (1) Anticipating
timing of green up in
pasture: Past experience
suggests that if first rains
haven’t occurred yet,
expect delay of two weeks
before moving into this
pasture

Gauge
reset to 0”

Aug 23 —(2) ‘Near peak’
forage production at mid-
point of season: Checking
precipitation levels and
forage conditions at this
point will help support
needed course corrections
to rotation schedule and
help anticipate how the rest
of the season will turn out —

How long can | stay in
current pasture? Where
can lgoiflneedto?

*
L4
2 at
.'t" -t

[
1]
int

Sep 30t — (3) Seasonal
wrap up monitoring: A
final check of precipitation
amounts and site conditions
including forage and water
will provide insight into how
much conditions changed

| from the middle of the
season to now and how
much carryover forage
there will be to utilize
beyond the growing season

18128 07/26

075

ovi2

08102

0808 0818 0823

Day of year




Supporting tools
and resources

Log

RAINFALL CHART

THE UNIVERSITY OF ARIZONA

Set precipitation date range

12/01/2017 - 11/13/2018

All data

Chart X-Axis will not precede first observation
date with this selection

Observation Rainfall Estimated Rainfall Historical Rainfa

Climate Science Applications Program - University of Arizona Cooperati

(==}

o

0
07/29/18 08/19/18 09/09/18 09/30/18 10/21/18 11/11MBA8/M18

Me (The Owner) 22 7.13% AUG 282018

GAUGES SHARED WITH ME

It appears no other registered MyRAINge Log member has added you as a helper to a gauge. Go tell someone you want to help!

ST



Working to continue to expand monitoring
through hands-on workshops...

RAINFALL CHART

1%



Rain Gauge Construction Guide

(UA Extension Bulletin)

THE UNIVERSITY OF ARIZONA
COLLEGE OF AGRICULTURE & LIFE SCIENCES
A, Cooperative Extension

September 2017

Do-it-yourself construction guide: Rugged accumulation
precipitation gauge for remote monitoring

Michael A. Crimmins, Mitchel McClaran, Julie Brugger, Ashley Hall and Douglas Tolleson

Removable, screened
cap to keep out debris \

e

Clear PVC to allow for
B quick, accurate

All parts can be easily

replaced if damaged

(e.g. metal ruler, valve,
™ cap)

Valve allows for
permanent
installation, can be
emptied directly
where mounted

Introduction

Preclpitation Is the Key varlable In assessing drought status
and tracking changes In drought conditions. Precipltation

)
7 5 ok
Tall design to capture
several seasons or %
years of precipitation =
with very little
maintenance

Constructed out of
rugged materials
readily available at
most hardware stores

Design will readily
withstand hot and
cold temperature
extremes

unattended site? A slmple and Inexpensive accumulation
gauge can help In this situation. These gauges are typlcally

https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1747-2017 _0.pdf

A L3
* M4

Climate Science Applications Progrz
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Climate Assessment for the Southwest



Precip Monitoring Best Practices Guide (UA
Extension Bulletin)

THE UNIVERSITY OF
COLLEGE OF IG!ILULTUIE i LIFE SCIENCES
A Cooperative Extension

az1751

November 2017

Rain Gauges for Range Management: Precipitation
Momtormg Best Practices Guide

Introduction
Preclplh tion In the form .:.\J: raln and =

<of pr:-dpll‘atlnn
ture or allotment in

the bulk of land management activitles coour.
by Interpolating between these officlal gaug
E owing h much and .\'}\ﬂn precipliation
fell In your pasture, allotment or land management unit
lable for sound declzlon making and requires collecting
precipltation data directly at that slte.
es” gulde will cover some of the baslc
llecting and uslng preclpliation observations at
In support of rangeland management including;
Tying observations to a drought plan

Where to place gauges and how often to record
observations

Managing and using precipitation observations
gulde will also highlicht some new : that help put

Figure 1. Clear PYC rain gauge (photo courtesy of J. Lyman)

Rain gauges
Preclpltation monltoring Is one of the mi ralghtforward
ther and climate monitor! and does not

most sltuatlons
cne end and mounted to fence p
utilized by ranchers and land manage:
rpleally have a amall amount of il In l‘}l{- gauge to

https://extension.arizona. edu/5|tes/exten5|on arizona.edu/files/pubs/az1751-2017.pdf

CSAP

* N

— S

PlE'LE' of Info rmal'lc!rltn ppo rl‘am.a.nagement -:leanlcm

Climate Science Applications Prod

for direct reading of the precipltation amounts In the gauge

nate Assessment for the Southwest



THE UNIVERSITY OF ARIZONA

COLLEGE OF AGRICULTURE & LIFE SCIENCES
ZAS Natural Resources

& the Environment

HOME DASHBOARD TOOLS GUIDES ABOUT Us

Drought and Grazing

Introg

Upcoming training workshops

Planning for 3

“- Show Low: August 141"

Since 2013, «

=~ Flagstaff: TBD

monitor

.
<2 |- Kingman: TBD
n
Improve the
Approach
Develop drought information tools and guides to monitor drought, and integrate those tools and guides to support collaborative drought planning by ranchers and Forest Service
staff.
"_.,»-AJ ""-“3‘#».-&;
A Cooperative g 2 GreA Covsers CATILE Crowess @
*| Extension 3 £ Assoczaziosr \/V\
& /d National | Drought Mitigation Center
h«:u‘... .f.."’ﬁ

Copyright © 2018 Arizona Board of Regents. The University of Arizona, Tucson, Arizona




Developing a drought monitoring
playbook for Arizona rangelands

Project Team: Trevor McKellar (SWES), Marcel
Schaap (SWES), Craig Rasmussen (SWES),
Dan Ferguson (UA Inst. for the Environment),
Mike Crimmins (SWES)

Funded by NOAA Climate Program Office

B~ 4 Sectoral Applications Research Program & RISA
cSAP i

I[P

Climate Science Applications Program - University of Arizona Cooperative Extension



WestWideDroughtTracker
" CurrentMaps  Archived Maps  Time Series ~ Download

Current Product:

Climate Product Options PRISM > SPI 1 Month > Arizona
Expand All | Contract All Arizona - 1 month SPI
7 Variable February 2019
7 Drought Index 37°N —
L7 Palmer Index

* PDSI®)

» Palmer Z-Index €

» Self-Calibrated PDSIE)
7 SPI ?[ ] 36°N —

* 1 Month . .
-Months | HOW do these indices work?”
3 Months '
4 Months
5 Months “Which one should | use?”
6 Months
7 Months
8 Months
9 Months
10 Months 34°N -
11 Months
12 ﬁont{w “Should | use a different one for different
i times of the year and different locations?”
24 Months 3N ~ By
30 Months
26 Months
48 Months
60 Months
= 72 Months &N -

7 SPEI (2]
= 1 Month

LHdS

L A e e o




Soil Moisture vs. Drought Indices

« Soll moisture status is a good indicator of potential
drought stress to vegetation, ecosystems...direct
link between soil moisture and drought impacts

« Soil moisture monitoring is limited...hard to do,
expensive, very few stations

« Can we quantify and leverage any relationships
between ‘soil moisture memory’ and windowed
drought indices? -

Use modeled soil moisture as an objective measure
against which to evaluate simple, readily available
indices like SPI, SPEI, PDSI...

| ! Climate Assessment for the Southwest

* N4
Climate Science Applications Program - University of Arizona Cooperative Extension



HYDRUS-1D

— Numerical soil moisture model that solves the Richards equation for
water transport

Only evaporation/transpiration (Hargreaves or Penman-

Monteith estimation) and gravity impact water movement

Daily temperature and precipitation data
— 1950-2015 with 10 year spin up

500 cCIm |0am l l lPrecipitation/-mewFa-H-

(extending to sandy  [FEP S it
loam and clay)
4 study sites
(extending to
gridded data)

Evapo-transpiration (ET)

ET extinction depth

Vadose zone

< Water table

Ground water
CSAP
* 34 Twarakavi et al. 2007

Climate Science Applications Program - University of Arizorrs




Average Temp. 21C
1981:2010 Annual Precip. 294 mm

Tucson-AZ i : .
Tucson - Daily Modeled Soil Moisture 1950-

PAONRS

Tucson, Loam, LAI=0.5

10/30/50 cm

Walter-Lieth diagrams

([T T —

Monthly Standardized Soil Moisture Index
@ 10/30/50 cm

T T

<

101 150 200 250 300 350

' Day of Year Dec

Climate Science Applications Program - University of Arizona Cooperative Extension




Leave
Feedback Tucson - SPI/SPEI Timescale Correlations with 10cm Theta

~ About  Current Ma|

Cu — SPI
Climate Product Options PR 7] —— SPEI

1.0

Expand All | Contraet All

Pearsonr

7 Variable
7 Drought Index arN
[ Palmer Index
L7 SPI &) —
= 1 Month T I T I T

2 Months 0 10 20 30 40
3 Months 36°N

4 Months scale (mos)
5 Months
6 Months
7 Months
8 Months -
g Months
10 Months
11 Months
12 Months ]
15 Months >—a4 N
18 Months
24 Months
30 Months
26 Months
48 Months
60 Months
72 Months ! ' ! ' '
PEI & 0 10 20 30 40
1 Month acel

2 Months scale (mos)

3 Months
4 WManthe | |

00 02 04 06 08

Tucson - SPI/SPEI Timescale Correlations with 30cm Theta

1.0

— SPI
m — SPE!

2ids

Pearsonr

33N

00 02 04 08 08
I

b o o o o " o e o ol ol

=

L

Sl "



Drought Monitoring Playbook Prototype

Soils information from Ecological Site Descriptions

Ecological Site Description Information

Site ID, Name | RO40XA101AZ, Basalt Hills

Site Type Rangeland

\Vegetation Foothill palo verde — saguaro/ white brittlebush —
ocotillo/ bush muhly

Soil Shallow soils formed on basic igneous parent
Description material (Basalt) and related conglomerates

Calendar Rooting Depth Of Drought Index Optimal Timescale
Month Vegetation (mo.)

October Shallow (10cm) SPI 2
SPEI 2

Mid (20cm)

SPI

Deep (30cm)

SPEI

I[P

Climate Science Applications Program - University of Arizona Cooperative Extension



Tucson - 2 month SPI/SPEI10cm zTheta

“ 7 — sp

A e g

-4 | ff [ogh SPI ~ 10 il moisture r=0.81
é _ |i nlli.ﬁ@ f‘ﬁ’t ]ﬁUh"ﬂ F/\M | r “ﬂa l\ |?l !\ 1“' JA ' SPEI ~ 1((:)rcr:]rr? (;Ioirlnr(r)llc?i:truerer r=0.76
c | / ".h. [ | I
- p | k“hf] : U v W \H]l w 'H

.
me Tucson - 2 month SPUSPEI - 10cm Theta

“ 1 — SPlzTheta | SPI/SPEI underestimating drought
| SPEI-zTheta’
é o - ”,u‘ll‘l. llwlw ﬂ,ﬂl}ﬁ il m”# ‘IJL l’h "‘Y ”hl”‘ iy "T
()] . 4!
g JIPWRRTIREE Y,’ Lk W
o SPI/SPEI overestimating drought

| | | |
2000 2005 2010 2015

Time



* M4

Tucson - 2 month SPI/SPEI/10cm zTheta

SPI
SPE

ZTheta

7N A

Climate Science Applications Program - University of Arizona Cooperative Extension

Monthly Total Precip (mm)




Preliminary take home

Modeled shallow moisture (10cm) correlates highly
with 2 month SPI (r~0.8) = 2 month SPI for shallow
rooted vegetation impacts? Strength varies by
month

Correlations weaker at 30 and 50 cm (r~0.6) but still
significant with longer timescales, ~6-24 months

Correlations with SPEI (includes temperature) not
consistently higher than SPI; ET estimation method
matters (Hargreaves/P-M/Thornthwaite)

Working to get Drought Playbook online as
Interactive tool later this year

Climate Science Applications Program - University of Arizona Cooperative Extension



Thanks!

crimmins@email.arizona.edu
http://cals.arizona.edu/climate

[[[Pai

Climate Science Applications Program - University of Arizona Cooperative Extension



i ‘ BAKERBUTTE 0y High amounts of spatial
‘ variability in temp and
precip, but few weather
stations in official
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BAKER BUTTE HAPPYJACK

Gridded climate data are
based on station data
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